Introduction {#s0005}
============

Classically, failure to survive in adult respiratory distress syndrome (ARDS) is linked to a prolonged increase in IL-6 and IL-1. Serious COVID-19 patients with clear signs of pneumonia and ARDS have characteristics of systemic hyper-inflammation known as *cytokine storm* or macrophage activation syndrome (MAS) [@b0005]. Here I discuss whether macrophages heterogeneity may be important in determining COVID-19 lethality.

Children are known to be somewhat protected from the dangerous effects of COVID-19. For example, in Italy, my country, one of the most affected western countries, 27,995 died out of 214,103 SARS-CoV-2 positive patients. Yet, under the age of 18 there are just 4550 infected children and three died (<https://www.epicentro.iss.it/coronavirus/sars-cov-2-decessi-italia>, accessed 13th May 2020). The reasons for this protection are not known. Children are less vulnerable to the effects of COVID-19, but they can still be infected. The reasons for this different behavior can be many. The age-related increase in risk of mortality has been attributed to decline in immune and inflammatory responses while aging, which can lead to a *cytokine storm*. This may be a contributing factor to explain the age-related susceptibility to COVID-19 outcome worsening, but cannot explain children\'s reduced vulnerability. A Pubmed search, on May 13, 2020, using the words "COVID-19 and children" gives 625 articles. The majority of these articles describe clinical, psychological and social features due to this infection. A few, if any, analyzes why children are less prone and less vulnerable to infection. If to the Pubmed search is added the word *"mechanisms"* the outcome is 7 papers. No one of this seven papers is about researches on the mechanism of protection in children.

In some papers, it has been proposed a different distribution of ACE2 receptors, the receptor of coronavirus, in children compared to adults [@b0010], but if this is true and in which cells this occurs is not clear yet. It is well known that the respiratory tract and in particular the lung is the preferred target of coronavirus. Some have proposed that low ACE2 receptors in this tract may explain the reduced lethality. In my opinion it is not a matter of low ACE2 level. Actually low ACE2 level/activity may be dangerous. The SARS-CoV-2 infection induces ACE2 downregulation and promotes monocyte/macrophage activation, thus inducing lung inflammation and injury [@b0015]. Moreover, a high ACE/ACE2 ratio is considered deleterious in the pathogenesis and progression of pulmonary disease: many comorbidities of severe COVID-19 are characterized by a high ACE/ACE2 ratio. Therefore, in my opinion a lower ACE2 presence in the lung or in the other part of the respiratory tract is unlikely protective. Nevertheless, a study on bronchoalveolar lavage fluid from patients with ARDS re-ported no association between ACE2 protein activity and age [@b0020].

Hypotheses {#s0010}
==========

The macrophages activation seems a key step in determining COVID-19 harmfulness [@b0005]. Not all the macrophages have ACE2 receptors [@b0005]. Perhaps, lung physiology development can give us some clue and open new perspectives on the reason why children are less vulnerable. In an interesting paper published in 2016, Serena Y. S. Tan and Mark A. Krasnow [@b0025] have clearly demonstrated that macrophages populate the lung in three "developmental waves". Each of this wave gives rise to a distinct lineage, that in addition to reside in different locations also express different markers. It is also likely that these macrophages have different membrane receptors, including ACE2. Actually, it has been suggested that some macrophages have this receptor and some do not have it [@b0005]. The reasons are not well known, but different origin of studied macrophages cannot be ruled out. Moreover, these three macrophage lineages demonstrate little interconversion. In my opinion the study of Tan and Krasnow lays important foundations for further researches on how development contributes to pulmonary macrophage diversity and how this diversity can influence the response to inflammatory processes, including those evoked by the coronavirus responsible for COVID-19. Two waves of macrophage lung invasion occur early in intrauterine development in mice; the third wave occurs after birth. So that a mosaic of macrophages of three different origins populates the adult lung. It is likely that the lungs of children have more macrophages of the first two waves rather than those of the third wave. Indeed, the relative presence of each type changes with age and among people. Therefore, it can be argued that response to COVID-19 may be different in relation to the macrophage population within the lung at the moment of first contact. Macrophages play an important role in response to respiratory tract infections. In particular, it has been reported that coronavirus spike protein induces an innate immune response in human monocyte/macrophages in vitro, through the activation of the NF-kappaB pathway [@b0030]. The majority of studies focused on a single population of macrophages. However, all lineage can interact, and both alveolar and interstitial macrophages may perform important immune functions in the lung, in particular in terms of innate immunoregulation [@b0035]. Therefore, in my mind the three different populations described by Tan and Krasnow [@b0025] may respond differently to virus infection and may explain the range of clinical scenarios from asymptomatic, to cold-like symptoms or to dramatic pneumonia. It has been suggested that tissue-resident memory T cells, pre-existing populations of cells, possess potential cross-reactivity against SARS-CoV-2. These cells may allow rapid control of the virus and protect against disease progression by lowering local inflammation, endothelial damage and accumulation of pathological macrophage populations [@b0005].

Another coronavirus target is the heart, in which intra-cardiac fibroblasts/macrophages are considered essential for inducing myocardial injury. It is likely that functionally distinct macrophages lineages will also be found in other organs. Also in these organs different populations of macrophages might change the story.

Molecular and cellular properties of the macrophages residing in the targeted tissues deserve to be studied. Current single cell transcriptome based cellular analysis to map the landscape of the cellular properties, including macrophages and other immune cells, in the targeted tissues and blood from COVID-19 patients have begun to implicate the cellular heterogeneity in terms of ACE2 expression and properties of anti- *vs*. pro-inflammatory properties of the macrophages and monocytes. Studies demonstrate that SARS-CoV-2 unique domain modulate NLRP3 inflammasome-dependent CXCL10-mediated pulmonary inflammation, triggering infiltration of macrophages and monocytes and severe diffuse alveolar damage symptoms [@b0030], [@b0040]. It may be worthwhile to determine whether ACE2-NLRP3 inflammasome interaction is differently modulated in the different macrophage population in order to demonstrate their relevance for the different outcome from young *vs.* old COVID-19 patients. A remarkable expansion of populations of CD14^+^ CD16^+^ cells producing IL-6 was also observed in the peripheral blood of patients with COVID-19 in Intensive Care Units (ICU) compared with those patients who did not require ICU hospitalization. This finding was also confirmed by scRNA-seq study of peripheral blood mononuclear cells [@b0005].

The molecular mechanisms underlying the difference in COVID-19 lethality in the various ages is certainly multifactorial and at present unclear. Several theories have been advanced to explain the lower lethality in younger people. The lack of pulmonary, cardiac and renal comorbidities likely plays a role [@b0040]. A different expression of the main factors involved in the viral invasion (ACE2 and TMPRSS2), and a different response of the immune system (*e.g.* reduced neutrophil infiltration, prevalence of CD4^+^ T cells, reduction in the production of pro-inflammatory cytokines) is likely involved [@b0005], [@b0040], [@b0045]. Among factors that may explain different lethality and linked with macrophages is the proposed role of pollution and drugs [@b0050]. Indeed, macrophages are essential for effective removal of inhaled particles from the respiratory tract [@b0055]. Therefore, it can be speculated that different macrophages populations are differently primed by pollutants. Of course all these factors may be ascertained in future studies.

Conclusions {#s0015}
===========

The discussed data show the importance of macrophages and suggest that there may be different macrophage populations with different features. Macrophages play a pivotal role in determining COVID-19 severity, but the consequences of macrophage activation in different cell populations are still speculations. More experiments are needed. It is most likely that macrophages heterogeneity is involved in determining the severity, but it may not be the only reason at the basis of different age dependent COVID-19 vulnerability. For sure the role of different macrophage lineages and the three "developmental waves" deserve to be taken into account in future studies.
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